Abstarct 15 We examined the main and interactive effects of factors related to habitat filtering, dispersal 16 dynamics, and biotic interactions, on tree-level population dynamics of a subset of species 17 composing the epiphytic lichen pool in an alpine forest. We tested these processes evaluating the 18 population size of 14 lichen species on six hundred and sixty-five trees within a 2 ha plot located in 19 a high elevation alpine forest of the eastern Italian Alps. Our results indicate that community 20 assembly patterns at the tree-level are underpinned by the simultaneous effects of habitat filtering, 21 dispersal, and biotic interactions on the fine-scale population dynamics. These processes determine 22 how the single species are sorted into community assemblages, contributing to tree-level 23 community diversity and composition patterns. This corroborates the view that the response of 24 lichen communities to environmental gradients, in terms of compositional and diversity shifts, may 25 reflect differential species responses to different drivers. 26 27 28
Explanatory variables 137 We quantified 7 explanatory variables indicative of three different processes: environmental 138 filtering, dispersal dynamics, and biotic interactions (see Appendix S1 in Supporting Information). 139 To account for the environmental filtering process we selected four tree-level variables that are 140 known to be among the most meaningful descriptors of forest lichen patterns: tree species, tree size 141 (DBH), tree age, and crown volume. As a proxy for micro-topographic conditions, we calculated a 142 curvature index in a GIS environment. A fine resolution (1-m) DEM was computed by using 143 geographic position (x, y) and elevation (z) of each mapped tree. In this way, we were able to assess 144 if a given tree was located on a linear, concave or convex surface. 145 For each lichen species on each tree we quantified the Incidence Function Model (IFM; Hanski where dij is the Euclidean distance between the tree i and each neighbor j and A the surface area 151 occupied by a lichen species on a tree trunk. The parameter α was estimated separately for each 152 species based on tree occupancy data, by testing different α values and selecting the value that gave 153 the best model fit in a logistic regression model (Oksanen 2004; Jönssonn, Edman & Jonsson 2008) . 154 The value of Si was computed using the software R version 2.15.2 (R Core Team 2012) with the 155 add-on package 'metapop' (Oksanen 2004) . 156 For each species at tree level we quantified the cover of the co-occuring species assuming lichen To disentangle the different distribution behavior of the lichens we performed a preliminary 161 analysis to test the spatial autocorrelation of the distribution patterns. We used the Moran's I index, 162 a global index which computes the degree of correlation between the values of a variable (in our 163 case, the abundance) as a function of spatial lags (Fortin, Dale & ver Hoef 2002) . The analyses were 164 computed with a lag distance of 10 m, up to 100 m that corresponds to the shortest size of the plot. 165 We considered values of |z(I)| > 1.96 (p < 0.05). 166 Depending on the occurrence of the lichen species, two different approaches were used to test the 167 effect of environmental filtering, dispersal dynamics, and biotic interactions on lichen cover. The 168 following covariates were included in the models: tree species, age, DBH, crown volume, curvature, 169 connectivity, and lichen cover. We also tested the interaction between age and DBH. Given the 170 structure of our data (skew distribution), we opted to use generalized linear models (GLM). For 171 common species (n = 5; frequency > 44%), lichen cover was analyzed using GLM with a negative 172 binomial distribution to account for the overdispersion of the data (Zuur et al. 2009 ) (see Appendix 173 S2). For relatively rare species (n = 9; frequency < 43%) with an excess of zero cases in the dataset, 174 a hurdle regression model was performed (also called zero-altered or two-part models; Zuur et al. 175 2009). Ignoring zero inflation can create problems in model inference by biasing the estimated 176 parameters and standard errors, as well as overdispersion (Martin et al. 2005; Zuur et al. 2009 ). In 177 our case, the zero inflation was the result of a large number of 'true zero' observations caused by while the hurdle model using the 'pscl' package (Zeileis, Kleiber & Jackman 2008; Jackman 2012) 186 in R. 187 We used an information-theoretic model selection procedure to evaluate alternative competing 188 models (Burnham & Anderson 2002) . We compared the fit of all possible candidate models 189 obtained by the combination of the predictors using second-order Akaike's information criterion 190 (AICc). Models were chose that differed from the AICc of the best fitting model by < 4. We used 191 the Akaike weights (wi) to measure the relative importance of each predictor, summing the wi across 192 the models (∑wi) in which the predictor occurred. For each parameter, we used model averaging in 193 order to incorporate model selection uncertainty into our parameter estimates (Burnham & 194 Anderson 2002; Grueber et al. 2011) . Individual predictor variables that had an Akaike weight > 195 0.75 or model averaged confidence intervals that did not include 0 were considered as most 196 important predictors. Model comparison was implemented using the 'MuMIn' package (Barton 197 2013) in R.
198
Finally, the variation in lichen cover was decomposed for each species using a series of (partial) 199 regression analyses implemented in the 'vegan' package for R (Oksanen et al. 2013 All the statistical analyses were performed separately for each species. 
Results

210
Lichen species and spatial patterns 211 trees for Letharia vulpina up to a maximum value of 97,6 % for Parmeliopsis ambigua. Three 213 species were extremely common, since they were recorded on more than 90% of the trees, while 214 five species were relatively rare, being recorded on less than 20% of the trees.
215
After the spatial autocorrelation analysis the species were equally distributed in two groups (Table   216 1; Appendix S2): i) lichens with a clumped spatial pattern and ii) lichens with a random spatial 217 pattern. Both groups included vegetatively-and spore-dispersed species. contrasting effects with species preferring either young or old trees. Crown dimension had a 226 significant influence on only two species with clumped distribution, with contrasting effects.
227
For the remaining exploratory variables: i) microclimatic conditions, as inferred by the effect of 228 microtopography, influenced the distribution of five species, two of them preferring trees located on 229 exposed sites (i.e. relatively sun exposed and dry conditions) and three of them preferring trees in 
The relative role of environmental filtering, dispersal dynamics and biotic interactions 239
The variation partitioning analysis indicated that the total variation in species abundance patterns 240 explained by the models was higher for clumped species (explained variation range between 6 and 241 37%) than for randomly distributed species (explained variation range between 3 and 12%) ( Table   242 2). Habitat filtering was the most important process for almost all the species, except for 243 Hypogymnia physodes and Pseudevernia furfuracea for which biotic interaction was the main 244 process determining their patterns (explained variation 15% and 17%, respectively) with an 245 additional impact of the shared component between biotic interaction and environmental filtering, 246 summing up to 12% of the total variance. Dispersal dynamics seemed to have a negligible influence 247 in shaping lichen distribution in our study system (explained variation range between 1 and 3%). Tree species is the most important environmental factor whose effect is mainly related with species-257 specific differences in the chemical and physical traits of the bark, chiefly pH and texture (e.g. Fritz
258
& Heilmann-Clausen 2010; Király et al., 2013) . These differences may be relevant even among 259 relatively similar host trees, such in the case of our three coniferous species. Besides tree species, 260 tree size and age are also important drivers of local lichen patterns (Nascimbene et al. 2009 ), with 261 both direct and interactive effects. According to an 'area effect', tree size positively influences 262 abundance patterns fostering the population size. Tee age seems to have species-specific effects with some lichens alternatively preferring young or old trees, according with either a pioneer or a 264 late-successional behavior. The interaction between tree size and tree age indicates a decrease of the 265 positive effect of tree size on lichen cover with increasing tree age, even to become neutral on older 266 trees (> 180 years). On these old trees, lichen dynamic are more influenced by a 'time per se' effect 267 (i.e. time available for colonization and increase of population size) than by an 'area effect'. In suggests a trait-mediated response predicting that at fine-scale dispersal dynamics are influential for 287 poor dispersers (Löbel, Snäll & Rydin 2006b ). For these species, an excessive distance from growth.
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A positive effect of biotic interactions was found for the most common species, indicating 291 that their success may depend on some kind of facilitation. To the best of our knowledge, this is the 292 first time that this processes is detected for epiphytic lichens, although, our data did not allow a 293 direct evaluation of the mechanisms behind this effect (e.g., Belinchoń et al. 2012) . Anyway, the 294 high relative importance of biotic interactions in explaining the abundance patterns of Hypogymnia 295 physodes and Pseudevernia furfuracea suggests that photobiont sharing could be a plausible 296 mechanism. Indeed, these two species host phylogenetically close-related photobionts (Hauck, 297 Helms & Friedl 2007) that could be alternatively used to promote their occurrence along wide 298 ecological gradients (Blaha, Baloch & Grube 2006) . Contrary to our expectations, we found low 299 support to competition hypothesis. We found indeed that only one species, such as 300 Tuckermannopsis chlorophylla, showed a negative effect of biotic interactions. Also, the effect of 
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Appendix S1. Descriptive statistics of the continuous factors used in the models. Mean where i is the probability that Yi = 0 (Lichen coveri = 0).
Appendix S3. Moran ś I correlograms for the 14 studied species, using a lag distance of 10 m. For Chaenotheca trichialis the graph based on a lag distance 5m is also given. Global significance, after applying Bonferonni correction, is reported. Species are grouped according to spatial distribution in (a) clumped and (b) random. 
